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Abstract: As the airborne air conditioner suffers from the variance of nature of the material, 

structure features, loads applied and stochastic factors, the fatigue life of its structure tends to deviate 

from the designed life. Based on stochastic finite element method, a mathematic model of the 

reliability analysis of fatigue life is established about the structure size, damage, fatigue parameters 

and load. The reliability analysis of fatigue life problem is transformed into the double objective 

problems of mean and standard deviation of fatigue life, which is balanced through the power factor. 

The reliability of fatigue life is improved by adopting this method.  

Introduction 

Since the 1970 s TAGUCHI proposed the three design method to reduce the influence of uncertain 

factors on the quality, reliability design has been applied in many fields [1] [2]. Due to the random 

factors such as material properties, geometrical characteristic of structural member, load history and 

environmental condition, the fatigue life of structure often deviates from the design life of the 

airborne air conditioner. Based on the stochastic finite element method, reliability optimization 

model of the fatigue life of the structure is established about the structure size, damage, fatigue 

parameters and load. The reliability of fatigue life is improved effectively by adopting the method 

[3]. 

Structural Fatigue Lifetime 

By the method of S - N, when a stress ratio R is given, the fatigue life of structure can be expressed 

[4]: 

max

mNS C                                                                   (1) 

In the formula, maxS -Maximum stress, N- the cycles of structure destroyed under the effect of 

maximum stress maxS , M and C as structure material fatigue parameters. As the smaller variability 

of material parameter m, m is taken as a certain value. Currently most of the existing material fatigue 

parameters are obtained in the case of R = 1, so formula (1) is turned into: 

1

mNS C                                                                     (2)  

If the effect of mean stress is considered, based on Goodman formula, there is: 
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In the formula, bS -Strength limit, aS -Stress amplitude, mS -Stress average 
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Smax- Maximum stress, Smin- Minimum stress. 

Based on the formula (2)and (3), there is: 
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The structure under random load, based on the Miner rule, the cumulative damage of the 

structure: 
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In the formula, k-Series of stress amplitude level, 
i

m

eS -the equivalent stress under the level of 

stress amplitude level i. 
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Structure is damaged under the level of D = Δ, the fatigue life Tf of structure life: 
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Stochastic Finite Element Method 

Linear elastic finite element equation [5] [6]: 

KU F                                                                    (10)  

In the formula, K- The total stiffness matrix, U- The displacement matrix, F- The load matrix of 

the equivalent node.  

According to the stress-strain relationship: 

S DBU                                                                   (11) 

In the formula, S- The stress, D- The elastic stress and strain matrix, B- The deformation matrix. 

From equation (10): 

( ) ( )E S DBE U                                                             (12) 

The first order Taylor expansion of displacement U at the average random variable X is carried 

out: 

1( )E U U k F                                                              (13) 
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In the formula, U - The value of displacement U on X , k - The value of The total stiffness 

matrix K on X , F - The value of The load matrix F on X , Cov(xi, xj)- The covariance of random 
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variable xi, xj.  

Stress variance can be obtained from the type: 
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Take the derivative of x on both sides of (10): 
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The Mathematical Model for Optimization Problems of the Reliability of Structure Fatigue 

Life  

The mathematical model for optimization problems of the deterministic structural: 

find d 

min ( )f d  

s.t ( ) 0ig d     (i=1,2,…,k) 
L Ud d d   

In the formula, f(d)- Objective function, gi(d)- constraint function, d
L
- The lower limit of design 

variables, d
U
- The upper limit of design variables, d€R. 

The design variables and random variables of the structure will appear variation, which affects the 

fatigue life of the system structure [7] [8]. The sensitivity of the variation is decreased through the 

study of the reliability of the system structure. The reliability problem is transformed into the double 

objective optimization problem of mean and standard deviation of structure fatigue life. The 

robustness of structure fatigue life is improved by changing the weight factor of mean and standard 

deviation of the fatigue life. Standard deviation and expectations of the structure performance 

function are brought in the objective function and constraint conditions. The mathematical model of 

optimization design of structure fatigue life reliability: 

find d 
2 2

0min ( ) (1 )[ ( ( )) ln ] ( ( ))f d E Z d T Z d      

s.t. ln ( ( )) ( ( ))LT E Z d n Z d   

( ( )) ( ( )) ln UE Z d n Z d T   

( ( )) ( ( )) 0i iE g d n g d     (i=1,2,…,m) 

L Ud d d                                                               (18)                                                                                                           

 0ln ln ln 2L UT T T                                                      (19)                                                                                                

In the formula, TL- The lowest design life, TU- The highest design life, T0- Expectation life; α-The 

weight factor, as the value of the weight factor is different, the reliability of different structure fatigue 

life is different; n-It is determined by the feasibility probability, and the greater its value is, the better 

the reliability of fatigue life is; Z(d)- The function of structure fatigue life:  
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By formula (20), (21) and (22),we can know : 
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In the formula (24),  2

maxi
S ,  2

mini
S can be got by using the method of stochastic finite element.  

Reliability Analysis for Structure of Airborne Air Conditioner  

The airborne air conditioner structure is shown in figure 1. The Al7075 is chose as the structure 

material. Its density is 2810 kg/m3. Its yield strength is 455 Mpa. As the safety coefficient is 1.3. Its 

elasticity modulus is 71700 Mpa and poisson's ratio is 0.33. Design variables are the cross section 

area of the structure. The variation coefficient of the cross section area is 0.1. The rest of the random 

variables are shown in table 1. The Minimum design life TL is 10
6
, and the highest design life TU is 

10
9
 .The constraint functions of the structure:  

   2 360,( 1,2,...,8,)i ig E S S i                                               (25) 

In the formula (25), Si- The stress of rod i.  

 
Fig. 1  Airborne evaporation circulatory system structure  

The study results were got when the weight factor was 0, 0.5, 1.0, which is shown in table 2. As 

can be seen from the results, the greater the α is, the greater the different value of the structure life 

and the expected logarithmic life E (lnT0) = 16.258 is; The smaller the logarithmic σ (lnTf) of 

structure fatigue life is, the smaller the variation range of structure life is. Conversely, the smaller the 

α is, the smaller the different value of the structure life and the expected logarithmic life E (lnT0) is; 

The greater the logarithmic σ (lnTf) of structure fatigue life is, the greater the variation range of 

structure life is. So reasonable weight factor α is chose to improve the reliability of fatigue life of 

airborne evaporation circulatory system structure. 
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Table 1 Random variables of 8 structures  

 

Table2 Optimization results of 8 structures  

Summary 

Based on the stochastic finite element method, the larger dispersion problem of the fatigue life is 

solved through establishing reliability model of the fatigue life of the airborne air conditioner 

structure. It provides an efficient and practical new method for the reliability of fatigue life of 

airborne air conditioner structure.  
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